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(57) ABSTRACT 

A method for automatically guiding a mining machine (14) 
provided With a route determined as successive route deter 
mined as successive route points in the mine. In the method, 
data relating to the successive points are used for determin 
ing additional route between the successive route points for 
guiding the mining machine (14). 

8 Claims, 5 Drawing Sheets 
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METHOD FOR AUTOMATICALLY GUIDING 
A MINING MACHINE 

This application is a Continuation patent application 
under 37 CFR § l.53(b), of pending prior PCT Intema 
tional application no. PCT/FI2004/000l70, having a ?ling 
date of Mar. 25, 2004. 

BACKGROUND OF THE INVENTION 

The invention relates to a method for automatically guid 
ing a mining machine, in Which method a route needed by 
a mining machine is determined for the machine as succes 
sive route points in a coordinate system ?xed in relation to 
the mine and in Which the location of the mining machine on 
the route is determined using at least one positioning device 
provided in the mining machine. 
When mining machines, particularly unmanned ones, are 

used, it is necessary that they can be guided along a speci?c 
route reliably and safely. A problem encountered here is that 
the route should be determined With suf?cient precision. A 
further problem is that as the operation continues and 
situations change, it must be possible to re-determine the 
routes of the vehicle in a precise and reliable manner. 

It is knoWn per se to use different systems and methods to 
guide mining machines to travel automatically, Without a 
driver. Such prior art solutions employ either control cables 
embedded in the underlying surface or separate control signs 
or location detectors, Which can be used for Wired or 
Wireless control of the position and movement of the 
vehicles. It is also knoWn to use a Wireless control system 
based on satellite navigation for controlling an automatically 
moving vehicle. 

The use of solutions based on control cables is problem 
atic in mines because the laying of control cables to mining 
tunnel ?oors is extremely expensive and the rubble carried 
in mines may damage the cables as vehicles cross the cable 
lines. Further, it is not conceivable to lay cables to neW, 
continuously extending mining areas. As regards systems 
based on satellite positioning, they do not function in mines 
and are therefore inapplicable there. 

BRIEF DESCRIPTION OF THE INVENTION 

It is an object of the invention to provide a method 
alloWing a route of a mining machine and the operation of 
the machine at different points on the route to be determined 
in a ?exible and reliable manner. The method of the inven 
tion is characterized in that on the basis of information 
relating to the route points already determined in the coor 
dinate system, additional points are determined betWeen the 
successive route points for guiding the mining machine, 
each additional point being provided at least With location 
coordinates determined on the basis of the coordinate values 
of the already determined points located on both sides 
thereof. 
A basic idea of the invention is that the routes needed by 

unmanned and/or automatically operating mining machines 
for accomplishing their tasks are determined as route points 
located at suitable intervals, each route point being provided 
With limit values for driving speeds and other operations, for 
example, determined according to need. Such variables may 
even be determined mining-machine-speci?cally, taking 
into account the characteristics of each mining machine. To 
guide a mining machine to travel from one particular loca 
tion to another and, correspondingly, to carry out a speci?c 
task, the control system of the mine sends the mining 
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2 
machine a list of the route points and their characteristics, 
one of the route points being closest to the current location 
of the machine. Further, information indicating the end point 
of the route is given. The route point data are preferably 
given as interconnected route portions, or segments, each of 
Which is provided With a speci?c identi?er code. The stored 
segment-speci?c identi?er data include the route points of 
the segment, With the associated location data, and any 
point-speci?c control data, such as direction, speed, actuator 
positions, etc. In accordance With the invention, additional 
points are determined betWeen the already determined route 
points to provide more accurate guidance of the machine, a 
location of an additional point being determined by using the 
coordinate data relating to the already determined route or 
additional points on both sides of the point to be determined. 
If, in addition to location determined in relation to the 
coordinate system, some parameters have been determined 
in the route points, corresponding parameters can be deter 
mined for an additional point, using the parameters deter 
mined for route or additional points located on both sides of 
the additional point in question. 
An advantage of the invention is that it provides a simple 

and convenient means for assigning tasks to a mining 
machine operating unmanned and/or automatically accord 
ing to control commands and for providing it With the 
necessary route data. A further advantage is that by using 
approximation of neW points on portions betWeen route 
points, the number of points to be stored and thus the total 
amount of data to be stored in relation to the route points 
does not become too high. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will be disclosed in greater detail in con 
nection With the folloWing draWings, in Which 

FIG. 1 is a schematic ?oW diagram illustrating a method 
of the invention; 

FIG. 2 is a schematic illustration of a route segment and 
the associated control points; 

FIG. 3 is a schematic illustration of a route point in a route 

segment and data associated, by Way of example, therewith; 
FIG. 4 schematically illustrates the generating of addi 

tional route points for a route segment and the data associ 
ated, by Way of example, thereWith in relation to one 
additional route point; 

FIG. 5 schematically illustrates another Way of generating 
additional route points for a route segment and the data 
associated, by Way of example, thereWith in relation to one 
additional route point; 

FIG. 6 is a schematic illustration of a route formed of 
successive segments; 

FIG. 7 is a schematic illustration of some mine passages, 
Where the invention is applied; and 

FIG. 8 is a schematic illustration of equipment for imple 
menting the invention. 

For the sake clarity the invention shoWn in the Figures has 
been simpli?ed. Like parts are indicated With like reference 
numerals. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 is a schematic ?oW diagram illustrating a method 
of the invention for controlling an automatically moving, 
preferably unmanned mining machine. First a control sys 
tem sends a route speci?cation relating to a neW task to the 
machine, the speci?cation including, by Way of example, the 
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identi?er data of the route segments, With the associated 
variables determined for them, such as maximum alloWed 
speed, etc. However, the invention is not restricted to 
segment-based solutions, but the route can be determined 
simply as route points, Without separately determining seg 
ments. In this example, hoWever, a segment-based solution 
is used, the data of the segments being transmitted from the 
control system of the mine to the control equipment of the 
mining machine in step 1 of the How diagram. In step 2 the 
control system of the mining machine stores in its memory 
the route segment data received in the message from the 
control system of the mine. In step 3 the mining machine 
starts to execute its task at its current location by searching 
the route ?le provided by the control system for the closest 
starting point of a segment belonging to the route. In step 4 
the control system of the mining machine checks Whether 
the message sent by the control system of the mine contains 
more segment data. If the data stored in the memory has 
another segment, in continuation of the starting segment, the 
control system of the mining machine checks in step 5 
Whether the segment is the last one of the segments received 
in the message. If it is not, Which is most often the case, the 
control system of the machine reads in step 6 the points and 
the associated data determining the segment in question. The 
routine then returns to step 4 of the How diagram to check 
Whether there are more segments in the list. The routine is 
repeated through steps 5 and 6 back to step 4 until there are 
no segments left in the list. If it is detected in step 5 that the 
next segment is the last one, or in step 4 that there are no 
more segments in the list, the routine proceeds to step 7, i.e. 
the points in the route speci?cation of the last segment and 
the associated data are read until the indicated end point is 
reached. Next, to provide the mining machine With driving 
speci?cations at more frequent intervals than alloWed by the 
route points stored in the memory, additional points are 
formed betWeen the points by interpolation in step 8. In step 
9 the data determining the additional points are speci?ed by 
using the coordinate values and eventual parameter values 
obtained from the original route points or the already 
determined additional points to provide the additional points 
With coordinate values and any parameter values that may be 
needed. 

The route relating to the mining machine’s task being thus 
determined, the mining machine, guided by its oWn control 
equipment, travels along the route as determined in the task, 
either from its point of departure to the end point or 
continuously on the assigned route, either back and forth or 
in one direction on a closed route, for example. Since the 
segments are in practice determined in relatively real-time, 
it is possible that When the ?rst point has been determined 
the mining machine starts off to its route to accomplish its 
task, forming, at the same time as it moves, the route using 
the parameters in its memory. 

FIG. 2 is a schematic illustration of a structure of a 
segment. Segment S has six points, by Way of example, of 
Which points P1 and P6 are the end points of segment S. 
Each one of these points is provided With a location deter 
mined in a coordinate system, i.e. perpendicular directions x 
and y determined in a speci?c coordinate system ?xed in 
relation to the earth. In the simples case the segment is 
determined only by route point position in the coordinate 
system, the control equipment of the mining machine cal 
culating the direction betWeen the points on the basis of the 
coordinate values of the points alone. In addition, different 
point-speci?c parameters can be determined to ensure safe 
and reliable movement. It is thus possible to express at each 
point for example a direction to be taken at that point, given 
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4 
as x and y coordinates, and the either general or possibly 
vehicle-speci?c alloWed maximum speed. These data can be 
used for determining in Which direction and at What speed 
the mining machine is alloWed to move at that point. In 
addition, a gear precisely suitable for each mining machine, 
the position of a boom or lever arm possibly included in the 
machine, and the position of a bucket, if any, may be 
determined. These data naturally depend on the ?xtures of 
the mining machine in question, so naturally they are not 
relevant to all mining machines. 

FIG. 3 is a schematic illustration of one route point of a 
route segment and data associated, by Way of example, 
thereWith. 
The Figure shoWs one route point Pi, given as an example, 

Which may be either an end point of a segment or an 
intermediate segment point. Different data, some Which are 
schematically shoWn, may be associated With point Pi. Ii 
represents schematically the information content of point Pi, 
shoWing the location of point Pi in a rectangular coordinate 
system. Location values are expressed as vectors or numeral 
values xi and yl. on coordinate axes x and y. FIG. 3 further 
shoWs a turning angle 00, Which expresses the angle of turn 
required to a speci?c direction to alloW the mining machine 
to continue its travel. In addition to these data, information 
Ii relating to the point in question may shoW for example: the 
gear to be selected from the gear system of a particular 
mining machine of a particular type, such as gear 2 for a 
loader in the case illustrated by FIG. 3, the angle of 
inclination of a boom possibly belonging to the mining 
machine, such as a position of 30° or some other position for 
the boom of a loader bucket, or the position of the bucket 
attached to the boom, such as “horizontal” for a loader 
bucket, and any other data that have an impact on the 
movement of the mining machine and the guidance thereof 
via route point Pi to a particular direction. 

According to an embodiment that is simpler than the one 
illustrated in FIG. 3, there is no speed or turning angle data 
as such associated With a point, but only the location 
coordinates of the point in a determined coordinate system. 
In this embodiment the control equipment of the mining 
machine calculates the driving directions and the turning 
angles according to the coordinates of successive route 
points so that the mining machine route runs according to the 
determined points, While, at the same time, the guidance or 
turning angles of the vehicle are suitably calculated betWeen 
the points in accordance With the route curvature determined 
by calculation. In that case also turning in junctions is 
correspondingly calculated on the basis of the position data 
of the route points alone, using the softWare of the mining 
machine control equipment. To guarantee safety, data such 
as maximum alloWed track curvature and/or maximum 
alloWed speed and, in proportion to the latter, maximum 
alloWed track curvature in different kinds of turning situa 
tions are stored in the memory of the mining machine. 
Further, a characteristic knoWn as target speed may be 
determined for the movement of the mining machine to 
indicate the speed at Which the machine is to move in 
different situations. Target speed may thus be determined in 
proportion to track curvature, for example. 

FIG. 4 schematically illustrates the generating of addi 
tional points for a route segment and the data associated, by 
Way of example, thereWith in relation to one additional route 
point. It shoWs segment S that has tWo route points P1 and 
P2 of knoWn location and characteristics, additional route 
points LP1 to LP3 facilitating the guidance of the machine 
being determined betWeen the route points. Route points P1 
and P2 are shoWn as dots; P1 as a black dot, because it is the 



US 7,191,060 B2 
5 

end point of segment S, and P2 as a White dot, because it is 
an internal route point of the segment. Additional points LP1 
to LP3 are marked schematically With a rectangle so as to 
avoid confusion With the route points of FIGS. 2 and 3 
determined earlier. The segment continues, by Way of 
example, from point P2 in the direction shoWn by arroW A 
to the next knoWn route point of segment S, Which in a 
logical direction of propagation is point P3. FIG. 4 further 
illustrates a principle for determining additional points by 
taking into account the directions of knoWn route points P1 
and P2. These directions are used to illustrate, on one hand, 
hoW the location of an additional route point LP1 to LP3 as 
such is determined and, on the other hand, hoW parameters 
for an additional route point can be determined using knoWn 
route points. 

For purposes of illustration, and by Way of example, ?rst 
a direction of movement at additional point LP1 is deter 
mined on the basis of directions of movement LS],l and 
LSPZ determined in relation to route points P1 and P2. Lines 
L1 and L2, shoWn With broken lines, conforming to the 
directions of movement and traversing points P1 and P2 
intersect at point LPO, Which determines the point Where the 
mining machine, if it continued straight ahead according to 
the directions of movement, Would enter the area of the next 
point. Since abrupt changes of this extent are in principle not 
possible to implement in a rational manner, the route in the 
segment is formed as a curved track formed almost asymp 
totically in relation to an angle formed by lines L1 and L2, 
the track being referred to as S A. Thus the ?rst additional 
point LP1 is shifted inWards as shoWn by arroW B and sets 
on line S A. The determining of the parameters for additional 
point LP1 starts from the parameter values of points P1 and 
P2, Which are used for determining the parameters of LP1. 

FIG. 4 further shoWs, by Way of example, the determining 
of the direction of movement at additional point LP1, carried 
out by using the directions of movement determined accord 
ing to points P1 and P2. This is illustrated by the set of 
arroWs beloW additional point LP1. ArroWs LS],l and LSP2, 
draWn With broken lines, shoW the directions of movement 
determined in relation to points P1 and P2. The direction of 
movement can be determined in relation to additional point 
LP1 by means of arroW LSLPI, shoWn With a continuous 
line, Which substantially bisects the angle formed by the 
above mentioned tWo arroWs. This parameter expressing 
direction of movement provides an example of hoW param 
eters can be determined for additional points by using 
parameters determined in relation to knoWn points. Conse 
quently, speeds can be correspondingly determined using 
values and vectors of speed, and then other parameters can 
be determined betWeen the parameter values of knoWn 
points, or otherWise on the basis of them. 

Additional points LP2 and LP3 are, in turn, determined 
With the help of additional point LP1. Additional point LP2 
is determined using point P1 and additional point LP1 and, 
correspondingly, additional point LP3 by using point P2 and 
additional point LP1, in the same Way as additional point 
LP1 Was determined With points P1 and P2. 

FIG. 5 shoWs a situation Where route points are deter 
mined using location coordinates alone, in Which case the 
coordinates of successive points are used for calculating 
theoretical directions of movement betWeen route points P1 
and P2 and, correspondingly, betWeen P2 and P3, the 
directions being expressed as straight lines L1 and L2 
traversing successive points. Since an abrupt change of 
direction at a route point is not possible, the softWare 
provided in the mining machine control equipment calcu 
lates a curved track S A on the basis of the coordinates of at 
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6 
least three successive route points so that the mining vehicle 
travels conveniently on a substantially curved track along 
the route determined by the route points. When additional 
points LP1 to LP4 are determined on the basis of the data 
available and stored in the control equipment of the mining 
machine, the position of the points in the coordinate system 
is calculated With the softWare in the control equipment of 
the mining machine in question so that the points set suitably 
on the above convenient track S A. 

FIG. 6 is a schematic illustration of a mining machine 
route formed of successive segments. Each segment com 
prises a set of points Whose characteristics and parameters in 
relation to the operation of the mining machine have been 
determined. Successive segments may join each other at the 
end points thereof and thus have one common point. There 
fore in some cases a plural number of segments may join 
each other at the same point, for example in different 
crossings, as shoWn in FIG. 1. FIG. 6 schematically illus 
trates three successive segments S1 to S3 formed by points 
P1 to P18, the segments together forming a uniform route. 
The situation shoWn in FIG. 6 represents a simple and 
preferred embodiment in Which the distance betWeen the end 
points of each segment is approximately equal to the dis 
tance from these end points to the closest route point in the 
same segment. Segment S1 is thus betWeen points P1 and P6 
and segment S2, in turn, betWeen points P7 and P12. The 
distance betWeen end points P6 and P7 is approximately of 
the same order as the distance from end points P6 and P7 to 
the nearest point in the same segment, i.e. the distance 
betWeen points P5 and P6 and betWeen points P7 and P8, 
respectively. Particularly in an embodiment in Which the 
route points are determined using only location coordinates 
and the softWare of the mining machine control equipment 
determines the route by calculation, there is no need for 
common segment points, but the calculation can be carried 
out betWeen the end points of a segment, just as in relation 
to any route points. 

FIG. 7 is a schematic illustration of part of a mine tunnel 
in Which the method of the invention can be applied. It 
shoWs a mine tunnel 11 comprising a number of different 
sections 11a to He. At the end of some tunnel sections there 
is a loading or a discharge site 1211 to 120. The tunnel 
sections 11a to He are each provided With points 13 to 
schematically indicate the end point of segments Si. The 
Figure further shoWs a coordinate system of x and y coor 
dinates ?xedly determined in relation to the mine. 
When located at the point shoWn in FIG. 7, the unmanned 

mining machine 14 automatically guided by the control 
system receives a command to move from its current loca 
tion to the loading site 1211 and to start transferring material 
from the loading site 1211 to the discharge site 12b. In this 
situation the route assigned to the mining machine consists 
of segments S1 to S3 and S8 to S14. Further, segments S16 
and S15 have been determined as connecting routes to alloW 
the mining machine to move to the determined route to 
perform the assigned task. 

In this situation the control unit of the mining machine 14 
determines on the basis of its current location the nearest 
point in segment S16 and then begins to read points of 
segments S15 and S11 to S14 from that onWards into its 
memory, as shoWn in FIG. 1, until a route terminating at the 
loading point of the loading site 1211 has been determined. 
When the ?rst points have been determined, the mining 
machine 14 can begin to move toWards the loading site 12a, 
While, at the same time, it continues to store in its control 
unit data on segments S1 to S3 and S8 to S10 of the route 
relating to its task. Since the data of segments S11 to S14 are 
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already entered in the ?rst step, they do not need to be 
entered again. When the mining machine 14, i.e. the loader 
used here as an example, has reached the loading site 12a, 
it ?lls its bucket according to the instructions it has received 
and folloWs its task route in a reverse order from S14 to S8 
and from S3 to S1 to the discharge site 12b, Where it 
discharges the load of the bucket and then travels the route 
in opposite direction to return to the loading site 1211. The 
control equipment of the mining machine may inform the 
accomplishment of the task to the control system of the 
mine, the machine being then provided With a neW assign 
ment and the associated data via the data transfer system. In 
some cases, When it is necessary to repeat a speci?c task a 
plural number of times, the mining machine may be 
instructed to carry out this task until it receives neW instruc 
tions. 

According to a most preferred embodiment, the data 
associated With the segments are stored in advance in the 
memory of the mining machine control system, the mining 
machine assigned With a task being then only provided With 
an assignment-speci?c list of the segments to be used, i.e. 
segment identi?er numbers or codes and, When necessary, 
other operational instructions. On the basis of these data the 
softWare provided in the mining machine control equipment 
is capable of determining the route of the mining machine 
and its speed and turning angles at different points of the 
route. This is particularly ef?cient in a situation in Which a 
Wireless data transfer system of limited capacity is used, 
because the amount of data to be sent to the machine is 
signi?cantly smaller than in a situation Where the route point 
data are transmitted every time separately. HoWever, When 
the task assigned to the mining machine requires the 
machine to move to a neW area Whose route points have not 

been stored in its memory, it is naturally necessary to 
transfer neW segment-speci?c data to the mining machine 
and to store them in the control equipment memory as they 
arrive and thus later it is again only the segment identi?er 
code that needs to be informed. Similarly, When a neW 
mining machine is introduced into a mine, necessary data on 
segments and their route points can be entered into the 
memory of its control equipment either by transferring the 
data on discs or on other portable storage media or by 
transferring them Wirelessly into the memory of the mining 
machine control equipment When the mining machine is 
Within the coverage area of the Wireless data transfer net 
Work of the mine. 
When moving along its route, the mining machine must 

alWays knoW its location precisely. For this purpose, it is 
provided With positioning means that continuously measure 
its location. Such positioning means may include different 
distance gauges, devices measuring travel direction and/or 
steering angle, different equipment for scanning the envi 
ronment to determine location on the basis of data, such as 
a Wall pro?le, obtained by the scanning. All these data serve 
for checking that the mining machine is Where it should be 
in order to be able to operate and move according to the 
determined segments. 

FIG. 8 shoWs a mining machine 14, a loader in this case, 
provided With a bucket at its front part for carrying and 
loading excavated material. Alternatively, the mining 
machine 14 may be a rock drilling rig or a transport vehicle 
provided With a platform, for example. The mining machine 
14 comprises a movable carrier 1411, Which is usually 
provided With a number of Wheels 14b on Which it moves. 
Such mining machines are commonly knoWn per se and 
therefore they need not be described in greater detail here. 
In addition,this type of mining machine 14 that preferably 
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8 
operates Wit is provided With a control system including at 
least a control unit 15, Which is arranged to control the 
actuators of the mining machine 14 for steering and oper 
ating the vehicle. Further, the mining machine 14 has a data 
transfer unit 19 With Which the control unit 15 may set up a 
data transfer connection 17 to control equipment 18 external 
to the mining machine 14.The control equipment 18 forms 
a part of an overall control system 19 of the mine used for 
guiding unmanned, automatically moving mining vehicles 
14. The control unit 15, the control equipment 18, and the 
control system 19 of the mine usually contain also comput 
ers or similar devices. In addition, the control system of the 
mining machine 14 contains other measuring and control 
devices 20 alloWing the direction and location of the vehicle 
to be determined for precise positioning. Further, the control 
system comprises means for determining the distance trav 
elled by the mining machine 14. Such means for determining 
location and distance are also commonly knoWn per se and 
therefore they do not need to be described in greater detail 
here. 

The draWings and the related speci?cation are only meant 
to illustrate the inventive idea. The details of the invention 
may vary Within the scope of the claims. 

The invention claimed is: 
1. A method for automatically guiding a mining machine, 

comprising: 
determining a route needed by a mining machine as 

successive points in a coordinate system ?xed in rela 
tion to the mine; 

determining a location of the mining machine on the route 
using at least one positioning device provided in the 
mining machine; 

Wherein on the basis of information relating to the route 
points already determined in the coordinate system, 
additional points are determined betWeen the succes 
sive route points for guiding the mining machine, each 
additional point being provided at least With location 
coordinates determined on the basis of the coordinate 
values of the already determined points located on both 
sides of the additional point to be determined. 

2. The method according to claim 1, Wherein at least one 
parameter having an impact on the guidance of the mining 
machine is determined for each route point and that on the 
basis of the already determined parameter data, correspond 
ing parameter data are determined for each additional point. 

3. The method according to claim 1, Wherein the infor 
mation relating to the route points is transmitted preferably 
Wirelessly from the control system of the mine to the control 
equipment of the mining machine, the mining machine 
control equipment then determining a necessary number of 
additional points, With the required parameters, and guided 
the mining machine to travel on the predetermined route 
according to the determined route points and additional 
route points. 

4. The method according to claim 3, Wherein the mining 
machine control equipment determines a necessary number 
of additional points, With the required parameters, on the 
basis of the data stored in its memory on the coordinates and 
parameters of the route in question. 

5. The method according to claim 1, Wherein the route is 
determined as interconnected successive segments stored in 
the memory of the control system of the mine, that each 
segment is determined as successive route points located at 
a distance from one another, and that the mining machine 
control equipment guides the machine to travel on the route 
determined With the segments. 
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6. The method according to claim 5, wherein the route 
points of the segments and at least their coordinates are 
stored in advance in the memory of the mining machine 
control equipment and that the route is determined by 
supplying only the identi?ers of the route segments to the 
mining machine. 

7. The method according to claim 1, Wherein each point 
is provided With information determining the direction of 
movement possible at that point and at least one other value 
of a parameter determining the operation of the mining 10 
machine. 

10 
8. The method according to claim 7, Wherein one param 

eter determining the operation of the mining machine is the 
maximum alloWed speed and that the control equipment of 
the mining machine determines the speed of the machine on 
the basis of a target speed set for the machine, taking into 
account the speed values of each route point or additional 
route point. 


